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I. INTRODUCTION
In the past ten to fifteen years magneto-optical (MO) recording technology has become the major technique under intensive development for high density erasable optical disk storage. The magneto-optical polar Kerr effect is used as a means of read out mechanism for the Curie temperature or compensation temperature written bits on the disk. The focused read out laser beam is incident at normal angle upon the disk surface, which is located at the focal plane of the objective lens. The strength and the sense of the read out signal is proportional to the magnitude and direction of the Kerr angle of the recording media; therefore, the normal angle of incidence Kerr angle is an important parameter for the characterization of the MO media. The Kerr angle measurement is a common technique in every laboratory, but most apparatus setups are such that the optical elements along the lines of the reflected and the incident beams would block each other for zero degree angle of incidence; the measurement can only be made at a small angle of incidence. There is no report to our knowledge on setup which could measure the Kerr angle at exact zero degree of incidence. In this paper we introduce two simple methods for exact zero degree of incidence Kerr angle measurement; the methods can be implemented on an existing ellipsometer.
II. THE KERR ROTATION
In Fig. 1 an elliptical polarization state of a beam propagates along z axis with inclination angle ¢ and ellipticity e can be represented by a Jone's vector of the form:
where Vx and Vy are the electric field components along x andy axes, respectively. It can also be represented by a complex number X which is defined as
X= VylVx'
The relationships between the inclination angle ¢, ellipticity e, and X are given as
where 0 = tan -1 e.
(1)
For light which is linearly polarized along the x direction incident upon a surface which is magnetized normal to the surface, the state of polarization changes into an elliptical polarization on reflection. This is the polar Kerr effect. The Jone's matrix of the magnetized reflecting surface is given as 2 [ r, . " r,p] -Im[r,plr,,] .
(4) The inclination angle ¢ is, thus, the Kerr angle. For rare earth-transition metal alloy MO thin films, which are the commonly used recording media, the Kerr angle ¢ is typically -0.3°; therefore, Irsplrssl-lO-J.
III. THE MEASUREMENTS

A. First method
The apparatus for normal angle of incidence Kerr angle measurement is depicted in Fig. 2 . The setup is a PCSA ellip-
Elliptical polarization of inclination angle '" and ellipticity e = ± b / a. '" is the Kerr angle when a incident light which is linearly polarized along the x axis is reflected by a surface that possesses magneto-optical polar Kerr effect. " )( PoIOrlZ~r Compenc;;otor Sample 
If the Fresnel transmissioll c~>tfficients ratio, tsltp' of the beam splitter is known, then one ;;an substitute Eq. (6) into Eqs. (3) and (4); then the Kerr angle and the ellipticity can be obtained.
B. Second method
The aparlitus is the same as in Fig. 2 but without the compensator. Set p = 0·; an linearly polarized light [~] is incident upon the beam splitter and after it transmits through the beam splitter and is reflected back by the sample and the beam splitter again, the polarization becomes 
1/ can readily be determined by adjusting the analyzer for minimum transmitted light intensity. Then the transmission axis of the analyzer is parallel to the short axis of the elliptical polarization X'. Therefore, a -1T/2 = ¢'; substitute ¢' into Eq, (10), and the Kerr angle ¢ is then obtained provided that the magnitude of the Fresnel reflection coefficients ratio, Ir,lrp I, of the beam splitter is known and D,p = 180·.
IV. DISCUSSION
Both methods require a plate beam splitter, and the ratios tplts and rplr, of the beam splitterfor45° angle of inc idence need to be known. For a given beam splitter these ratios can easily be measured by the method of null ellipsometry technique.
For the first method there is no particular requirement on the value oftplt,. But for the second method it is required that Irsl:::::lrpl and 8 sp = 180°. The first requirement, Ir, I::::: Irp I, is not as stringent since Ir,plr" 1-10 -:1. A~ lo~g as I r, I is not too much greater than I rp I, the approximatIOn In Eq. (9) ness will lead to approximately ± 2° error in (j,p, which gives approximately ± 5% error in the value of Kerr angle ¢.
V. CONCLUSION
In this paper we showed two simple methods for normal angle of incidence Kerr rotation measurement by using of ellipsometer. The first method is a version of null ellipsometry. A plate beam splitter is required for both methods. The ratios of the Fresnel coefficients tplt, and rplr, of the beam splitter need to be known for the numerical deduction, and it is required that the phase angle of rplr, is 180° for the second method.
